Additional Information:
. Planning and policy makers, guided by both patient (care recipient) preference for care and treatment in their own home and cost-containment pressures, have been increasingly focussing on community care (Craven et al, 2012; EU-OSHA, 2014 ' (WHO, 2008) . However the home setting presents challenges for the more established (acute) caregiver-patient interactions and requires adaptation of policies, protocols and routines (Duke et al, 2012) .
The labelling of services as either social care or healthcare depends on the characteristics and boundaries of both systems and varies in different countries. In 2012 in England there were over 1.1 million people receiving care at home from approx. 1.8 million formal and 5 million informal caregivers (Department of Health, 2012) . A study of elderly care in France (Davin et al, 2005) found that 'more than 1 million people aged 60 years and older need assistance from another person to perform at least one ADL [activity of daily living] (bathing, dressing, going to toilet, eating, transferring, getting outside) and about 2.5 million persons for at least one IADL [instrumental activities of daily living] (shopping, food preparation, housekeeping)'. Care tasks have been categorised as basic and advanced, where basic care includes personal hygiene, mobilisation, nutrition and social company and advanced care has a more clinical focus including medication administration, tube feeding, and operating home care technology (ventilator, electric wheelchair, bedlifts, oxygen devices) (Swedberg et al, 2013; EU-OSHA, 2014 ).
There are different models of home care, for example, hospital in the home (Duke et al, 2012) , patient-centred medical home (Bitton et al, 2012) home first policies and aging-in-place (Craven et al, 2012) . One of the challenges to providing care and treatment at the patient's home is the safety and risk of injury to caregivers and patients when care is delivered by staff working alone (HSE, 2009) or as part of a team (Simon et al, 2008) . This could be within one organisation (Markkanen et al, 2007) , interagency working (Miller and Cameron, 2011) or student supervision (Leh, 2011) . This paper reports the method and results for a systematic literature review to consider caregiver and patient safety and injury risks associated with physical interactions during home care and treatment in the community. It includes a wide range of care procedures from treatment (e.g. palliative care) to daily living care (hygiene and mobility). The term 'patient' is used to refer to the care recipient.
Method
A seven-stage framework was used in line with the PRISMA statement (www.prisma-statement.org) for research question, eligibility (definition), search, identification of relevant papers from title and abstract, selection and retrieval of papers, appraisal and synthesis.
Research question
The question addressed in this review is 'What are the safety risks associated with physical interactions between patients and caregivers during treatment and care delivery in Home Care settings?'
Care online, SSCI and supplemented by other search strategies (e.g. exploding reference lists).
Search 1.
(housebound OR homebound OR "community care" OR domiciliary OR "home care" OR "house bound" OR house OR "home health*" OR domestic OR "district nurs*" OR "at home" OR "own home*") AND ("lifting and moving patients" OR "mov* patient*" OR lifting OR "patient handling" OR "manual handling" OR "assisted mobility" OR "people handling" OR positioning OR reposition* OR turning) AND (safety OR injury* OR risk* OR occupational OR accident* OR "health and safety" OR exert* OR overexert* OR strain* OR "back pain" OR "neck pain") Search 2 (housebound OR homebound OR "community care" OR domiciliary OR "home care" OR "house bound" OR house OR "home health*" OR domestic OR "district nurs*" OR "at home" OR "own home*") AND ("lifting and moving patients" OR "mov* patient*" OR lifting OR "patient handling" OR "manual handling" OR "assisted mobility"OR "people handling" or positioning OR reposition* OR turning) AND (solo or lone or alone or team* or "with help" or "without help") Search 3 (housebound OR homebound OR "community care" OR domiciliary OR "home care" OR "house bound" OR house OR "home health*" OR domestic OR "district nurs*" OR "at home" OR "own home*") AND ("lifting and moving patients" OR "mov* patient*" OR lifting OR "patient handling" OR "manual handling" OR "assisted mobility" OR "people handling" OR positioning OR reposition* OR turning) AND (equipment OR hoist* OR sling* OR sheet* OR ergon* OR belt* OR device* OR mechan* OR engineer* OR "bath* aid" OR "hygiene aid") 
Science Citation Index
The search from each database was imported into a shared RefWorks (https://www.refworks.com) account (for all authors). This central database was then checked for duplication and the references were screened by title and abstract.
Identification of relevant papers from title/abstract
The inclusion/exclusion criteria were adapted during the review process (emerging exclusion criteria) and the full dataset was checked for inclusion/exclusion before proceeding to critical appraisal.
Safety events or risks associated with interactions between patients and
caregivers during physical care delivery.
3. Solo or team working for clinical treatment or care task (including physical assistance, medication or equipment checking activities).
References were excluded where:
• Location of care was hospital care, nursing home, residential care homes, and ambulance or emergency care.
• Citations were published as dissertations, conference abstracts or professional opinions.
• Care was only provided by informal caregivers (e.g. family).
• Only patient safety issues were discussed e.g. unwitnessed falls or development of pressure sore (no physical interaction).
• Care involved:
• Remote monitoring technology rather than delivering care, for example falls sensors (accelerometers), dementia location (wandering) monitors and cardiac monitors.
• Pharmacy/medication errors unless being directly administered by a caregiver (e.g. team to check).
• Discharge planning and transitions-in-care (e.g. pre-discharge home visit).
• Live-in care for people with learning disabilities.
• Emergency response.
• Solo working with respect to personal safety due to domestic violence and/or aggression.
• Solo working with respect to travel to/from patient.
Selection and retrieval of papers
The database search produced 1613 references (Table 1 ). These were screened by title and abstract and checked for duplication (in RefWorks) resulting in 338 included papers. The screening and eligibility stages both reduced the number of references and also added papers by exploding relevant reference lists from individual papers (Figure 2 ). The included references (n=42) were critically appraised using a modified version of Downs and Black (1998) checklist (Hignett et al, 2003) and the Mixed Methods Appraisal Tool (Pluye et al, 2009; . The Mixed Methods Appraisal Tool has been validated across qualitative, quantitative and mixed methods empirical studies.
It allocates a score from 0-100 (in quartiles) where the overall quality for a mixed methods score cannot exceed the quality of the weakest component. The Downs and Black Checklist was used to cross-check the Mixed Methods Appraisal Tool, with agreement within quartiles and then recorded as strong (100%), moderate (75%) and limited (50%) evidence.
Figure 2. PRIMSA flow chart
Following critical appraisal, two papers were excluded with a low critical appraisal score (less than 50%). Three other papers were excluded as a preliminary baseline study where the follow-up paper was included (Beer et al, 2014; Brulin et al, 2001; Knibbe and Friele, 1999) . This resulted in the 37 included papers listed in Table 2 for a qualitative synthesis. A quantitative synthesis is not included due to the diversity of study types, populations studied and variance in definitions of home care provision. (0-10) 87% tasks were patient handling or providing direct patient care(mostly alone, team for 3 tasks). Others were furniture moving, making bed (see Table 3 ). 
Papers included in

Synthesis
The risk factors have been grouped using the modified model of Human Factors and
Ergonomics of health care in the home from Beer et al (2014) to represent the roles of both patients and caregivers in the system. The groups are environments (health policy, community, physical and social), artefacts (equipment and technology), tasks (clinical procedures, work schedules) and care recipient/provider.
Environments (health policy, community, physical and social)
Health policies introduce risks when the policies, procedures and guidelines are The physical environment of care can introduce risk factors associated with permanent (building design and layout) and temporary factors (e.g. clutter and obstacles). The permanent physical environment issues included cramped conditions (strong evidence: Hale & Piggot, 2005; moderate evidence: Craven et al, 2012; Kalman & Andersson, 2014; Markkanen et al, 2007; Munck et al, 2011; Quinn et al, 2009; Skoglind-Ohman & Kjellberg, 2011; Swedberg et al, 2013) , poor lighting (moderate evidence : Beer et al, 2014; Leiss, 2012; Munck et al, 2011) , poor access to stairs (moderate evidence: Kim et al, 2010) and unsafe flooring (limited evidence: Conneeley, 1998) . There are also less permanent risk factors associated with clutter and obstacles (moderate evidence : Beer et al, 2014; Leiss, 2012; Markkanen et al, 2007; Quinn et al, 2009; Skoglind-Ohman & Kjellberg, 2011) and awkward working positions for clinical, IT and writing tasks (strong evidence: Cheung et al, 2006; Dellve et al, 2003; Ono et al, 1995; Brulin et al, 2001 ; moderate evidence: Kim et al, 2010; Munck et al, 2011; Pohjonen et al, 1998; Quinn et al, 2009; Simon et al, 2008) .
The social environment issues range from additional tasks to distractions from pets, children and televisions (strong evidence: Cheung et al, 2006; Hale & Piggot, 2005;  moderate evidence: Leiss, 2012; Sims-Gould et al, 2013; limited evidence: Denton et al, 2002) through to issues of cleanliness and insect and rodent infestations (moderate evidence: Sims-Gould et al, 2013; Quinn et al, 2009; limited evidence: Denton et al, 2002) . The close interaction can lead to additional requests from patients which were not on the treatment plan and/or outside the caregiver job description (moderate evidence : Beer et al, 2014; Skoglind-Ohman & Kjellberg, 2011; Swedberg et al, 2013; limited evidence: Denton et al, 2002) . The most serious risk is perhaps that of abuse and violence from patients and their family (strong evidence Dellve et al, 2003; moderate evidence: Craven et al, 2012; Galinsky et al, 2010; Markkanen et al, 2007; SimsGould et al, 2013) .
Artefacts (equipment and technology)
Beer et al (2014) use the term 'artefacts' to include equipment, technology (medical devices) and supplies (consumables). Evidence was found that identified physical risks associated with inadequate and missing equipment, e.g. lifting or bathing equipment which was the incorrect size and/or weight capacity for the patient (strong evidence: Hale & Piggot, 2005; moderate evidence: Craven et al, 2012; Faucett et al, 2013; Leiss, 2012; Pohjonen et al, 1998; Simon et al, 2008; Sims-Gould et al, 2013) and a lack of support for maintenance and training in medical devices (moderate evidence: Munck et al, 2011) .
The supply of different or new medical devices (model or supplier) could introduce safety issues with respect to use and set up of, for example ventilators, oxygen, infusion pumps, suction, and blood glucose meters (moderate evidence : Beer et al, 2014; Markkanen et al, 2007) . The quantity and quality of supplies and consumables e.g. incontinence pads, bandaging, gloves can introduce and exacerbate physical interaction risks, e.g. leakage of pads (moderate evidence: Markkanen et al, 2007; Craven et al, 2012) .
Tasks
Tasks are described by Beer et al (2014) 
Discussion
This review has focussed on the physical interactions between patients and caregivers. The search produced over 1600 references covering a wide range of topics, leading to more detailed (emerging) exclusion criteria as the scope of physical interactions was explored. This resulted in papers on risks associated with care by informal caregivers being excluded due to the difference in status of caregivers with respect to organisational policies, procedures and training (Brown and Mulley, 1997 EU-OSHA, 2014). The directive obliges employers to take appropriate preventative measures to make work safer and healthier. However, self-employed and domestic workers are not covered by EU OSH legislation, so the organisation of care provision as basic and advanced levels may change an employer's obligations with respect to the safety of the work activities and working environment.
The quality appraisal for each paper is listed in Table 2 and summarised by topic in section 7. Most topics have several papers giving strong, moderate and limited evidence. The topics with strong evidence from at least 2 papers relate to risks associated with awkward working positions, social environment issues (additional tasks and distractions), abuse and violence, inadequate team (peer) support, problems with workload planning, needle stick injuries and physical workload (moving and handling patients).
The organisation of care (health policy) was found to be more complex than acute care provision with respect to leadership and peer support. This could contribute to risks for both patients and caregivers when visits were shortened due to concerns about abuse, physically challenging tasks (moving and handling), missing/inadequate equipment and consumables (Galinsky et al, 2010) . There could also be pressure from the patient (and family) to deliver care when the caregiver did not feel that they had the appropriate knowledge, training and skills (Faucett et al, 2013; Munck et al, 2011) . Caregivers could feel very isolated and unsupported, especially if the equipment and consumables needed to provide the care were missing, inadequate or had changed (e.g. different medical device). This contributed to cognitive risks relating to stress and decision-making about medication reconciliation and medical device use, e.g. whether to use wrong size slings with moving and handling hoists (lifts).
The extensive literature on moving and handling included over-exertion (Galinsky et al, 2012) relating to physical interactions with both patients and furniture. Patient care can include lifting/transferring without help, bathing, putting on shoes and lifting legs, pushing in wheelchair, supporting when walking; domestic tasks can include cleaning the bathroom, moving boxes or furniture, making beds, climbing stairs, standing in one place for a long time . Caregivers were reported to address issues of clutter, obstacles and lack of space by moving and rearranging furniture; however, when this was not possible there were reports of awkward working postures (Cheung et al, 2006) The limitations of the review process include the use of emerging exclusion criteria;
to address this, the entire data base was reviewed with the final exclusion criteria to ensure that all possible references were included/excluded. The decision to include all study types but to limit the papers to publications in peer reviewed journals rather than grey literature and conference proceedings may have excluded research from some topic areas but it was felt necessary to set a high publication standard for inclusion to generate trustworthy results and recommendations. Two critical appraisal tools were used to address individual limitations. The Downs and Black (1998) checklist has been widely used to appraise healthcare research but the more recent Mixed Methods Appraisal Tool (Pluye et al 2009 (Pluye et al , 2011 has been validated for different study types and, although less detailed, provides a useful categorization approach for critical appraisal.
Conclusion
As home care increases, there is a need to ensure the safety of both patients and caregivers with an understanding of the risks for physical interactions and tasks.
This review has summarised the wide range of factors associated with the environment of care (health policy, physical and social), equipment and tasks (clinical practice). Although some of the safety risks are present wherever the tasks are carried out (e.g. sharps disposal and medication reconciliation) but home care seems to introduce additional risks associated with the working environment, isolation and peer support, equipment provision and maintenance, and supply and disposal of clinical consumables. As this care sector grows, it will become increasingly important to manage risks and plan safer care delivery systems or, it is suggested, the provision of services may be withdrawn formally (unsafe environment) and/or informally as caregivers shorten visits and fail to deliver some aspects of care.
